The kinetics and mechanisms of the reaction of benzyl chloride with potassium t̲-butoxide in t̲-butyl alcohol by Chen, Der-Rong
Scholars' Mine 
Masters Theses Student Theses and Dissertations 
1965 
The kinetics and mechanisms of the reaction of benzyl chloride 
with potassium t ̲-butoxide in t ̲-butyl alcohol 
Der-Rong Chen 
Follow this and additional works at: https://scholarsmine.mst.edu/masters_theses 
 Part of the Chemical Engineering Commons 
Department: 
Recommended Citation 
Chen, Der-Rong, "The kinetics and mechanisms of the reaction of benzyl chloride with potassium t ̲-
butoxide in t ̲-butyl alcohol" (1965). Masters Theses. 6957. 
https://scholarsmine.mst.edu/masters_theses/6957 
This thesis is brought to you by Scholars' Mine, a service of the Missouri S&T Library and Learning Resources. This 
work is protected by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the 
permission of the copyright holder. For more information, please contact scholarsmine@mst.edu. 
THE KINETICS AND AffiCHANISMS OF THE REACTION 
OF BENZYL CHLORIDE WITH. POTASSIUM 
t-BUTOXIDE IN t-BUTYL ALCOHOL 
BY 
DER-RONG CHEN J l4\~ \ 
A 
THESIS 
submitted to the faculty of the 
UNIVERSITY OF MISSOURI AT ROLLA 
in partial fulfillment of the requirements for the 
Degree of 




TABLE OF CONTENTS 
Page 
LIST OF FIGURES ••••••••••••••••••••••••••••••••••••• iii 
LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ··iv 
ACKNOViLEDG.EMENT ••••••••••••••••••••••••••••••••••••• v 
I. INTRODUCTION . .................................... . 1 
II. REVIEW OF LITERATURE . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
III. EXPERIMENTAL 
PR1~P ARATION OF MATERIALS .................... 13 
Benzyl Chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
t-Butyl .Alcohol • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 13 
Silver Nitrate Solution ••••••••••••••••••••• 13 
Potassium t-Butoxide Solution ••••••••••••••• 14 
B. QUALITATIVE IN~~STIG.ATION OF THE PRODUCTS 
OF REACTION ••••••••••••••••••••••••••••••••• 17 
C. KINETIC TECIDfiQUES AND RATE Ml~ASUREMENTS •••• 18 
Method of Analysis •••••••••••••••••••••••••• 18 
Constant Temperature Control • • • • • • • • • • • • • • • • 21 
Sealed Ampoule Technique •••••••••••••••••••• 21 
Kinetic Data •••.•••.••.••.••••••••..•••....• 23 
IV. DISCUSSION ••..•••••.•.....•..•••.•.••••.••••••.• 33 
THE ORDER OF TEE Rf!;.ACTION • • • • • • • • • • • • • • • • • • • • • • • 33 
MECHAN'ISn.iS • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 35 
BIBLIOGRAP.Irr • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • .. • . • • • 39 
APPENDIX (Least Squares Computer Program) • • • • • • • • • • • 41 
VITA • • • • • • • • • . • • . • • • • • • • • • • • . • • • • • • • • • • . • • • • • • • • • • • • 51 
LIST OF :FIGURES 
Figure Page 
1 Short-path Fractional Distillation . . . . . . . . . . . . . . 15 
2 Distillation o£ t-Butyl Alcohol ••••••••••••••••• 16 
3 Electrometric Method £or the Determination 
4 
of Chloride Ions ••••..••.•.••.••••••.•••••.••... 22 
Plot of Second-order Rate Constants on 
a log Scale vs. 1/T £or Determination 
of Arrhenius Activation Energy, Ea •••••••••••••• 32 
iii 
LIST OF TABLES 
Table P~e 
I Data for Activation Energy Calculation • • • • • • • • • • 31 
II Second-order Rate Constants for Reaction of 
Benzyl Chloride with Po8assium !-Butoxide in 
!-Butyl jlcohol at 30.0 C •••••••••••••.••••••••• 34 
iv 
ACKNOWLEDGEMEN! 
The author wishes to express special acknowledgement 
to his professor, Dr. Samir B. Hanna, for his guidance 
and suggestions which made this investigation possible. 
The author also wishes to thank the Chemistry Department 
of the University of Missouri at Rolla for providing him 
with the space, chemicals and necessary equipment. 
The assistance of Mr. Thomas H. Dunning, Jr., in 
writing the program for the calculation of the rate const-
ants is gratefully acknowledged. 
v 
I. INTRODUCTION 
Benzyl chloride is a moderately reactive halide. Sub-
stitution of the Cl- by other nucleophiles, e.g., HO-, AcO-, 
s2o3-, Br- etc. proceeds almost quantitatively in solutions 
at convenient temperatures. 
However, with the very strong nucleophilic base NH2-
in liquid ammonia, benzyl halides undergo an eliminative 
condensation reaction leading to the formation of stilbene. 
The object of this study was to investigate if the 
less basic t-butoxide in t-butyl alcohol would afford the 
same product, viz., stilbene; and, if so, by what mechanism. 
A study of the products and kinetics of the interaction 
between ben~yl chloride and potassium t-butoxide in ~-butyl 
alcohol therefore has been initiated. 
The pertinent literautre is reviewed in Chapter II. 
Chapter III deals with the experimental work, while Chapter 
IV presents the results and deals with an attempt to formu-
late a mechanism for the reaction studied. 
1 
II. REVIEW OF LITERATURE 
The alkaline hydrolysis of substituted benzyl 
chlorides in aqueous-aprotic solvent mixtures can be 
approximated as the sum of two reactions: one independent 
of the reagent hydroxide ion, i.e., SN1' and the other 
proportional to its concentration, i.e., SN2.( 1 , 2) 
--ora slow Ro;lf:! + R CH2-X x-fast 
Sw1 
Rvlf:! fast R-oCH20H + HO-
(The ionization of (X) is retarded by electron-attracting 
groups.) 
----R o~OH + x-
2 
(The approach of the HO- is facilitated by electron-attract-
ing groups. ) 
(1) s. C. J. Olivier, Rec. trav. chim., ~' 687 & 996 (1930). 
(2) M. Simonetta & G. Favini, J. Chem. Soc., 1840-4 (1954). 
The two aralkyl series: 
R = CH3 OR Ph 2 CHPh 2 CP.h3 
and R = CH2Ph CHMePh CMe 2Ph 
have been studied sufficiently to locate the change o:f 
mechanism, the :first series with respect to both the 
aqueous reactions 
HO- + R-Hal ___ ,... R-OH +Hal-
HO- +(R-NR:;J + R-OH + NR3 
and the second with respect only to the halide substi-
tution; and it was concluded that benzyl chloride itself 
belongs to the mechanistic boarder region. Members to the 
right in either series undergo unimolecular reactions. "The 
molecular reason", says Ingold,3 "why we should not expect 
the change from a bimolecular to a unimolecular mechanism 
to be sharp :follows :from an elementary picture of the two 
processes. In one, the expelled group is liberated with help 
:from the attacking reagent; in the other, the liberated 
group gets free without such help; and yet, there must be 
degrees of assistance which could be offered by the substi-
tuting agent and accepted by the heterolyzing system.4" 
Even, within the substituted benzyl chlorides a wide 
variation in the extent of operation of ~1 and 3w2 
mechanism is expected. A strong electron-attracting group 
(3) C. K. Ingold, "Structure and Mechanism in Organic 
Chemistry", Cornell University Press, Ithaca, 1953, p 324. 
(4) J.L&leave,E.D.Hughes & C.K.Ingold,J.Chem.Soc.,23~(1935). 
3 
would increase the SN2 character on the expense o~ SN1' 
and vice-~-versa ~or strong electron-repelling groups. 2 
It should be pointed out, however, that 2- and ~­
nitrobenzyl chlorides are converted by alcoholic potassium 
hydroxide to a mixture o~ cis- and trans-nitrostilbenes. 5 
Bergmann and Hervey6 suggested that the reaction of ~- or 
~-nitrobenzyl halides with sodium ethoxide to give a 
dinitrostilbene is initiated by an ~-dehydrohalogenation. 
Kleucker,7 however, pointed out that the reaction may 







ArCHCH2Ar l . 
Cl ·:· 
Similarly ~or the ~ormation o~ ~,~'-dinitrostilbene oxide 
~rom ~-nitrobenzaldehyde and ~-nitrobenzyl chloride in the 
presence of base either a methylene mechanism or a conden-
sation-dehydrohalogenation mechanism may be written. 
(5) P. Walden & A. Kernbaum, Chem. Bern 23, 1959 (1890). 
(6) E. Bergmann & J. Hervey, Chem. Ber., 62, 893 (1929). 











Hanna, Iskander, and Riad8 carried out a kinetic 
investigation to determine whether or not these reactions 
of ~-nitrobenzyl halides with base involve the formation 
of ~-nitrophenylmethylene. The reaction of ~-nitrobenzyl 
chloride with sodium hydroxide in aqueous dioxane and in 
aqueous acetone (to give ~,~'-dinitrostilbene "almost 
quantitatively") was reported to be first-order in base and 
first-order in halide. Assuming that no more than a very 
small fraction of the material is ever present in the form 
of the various intermediates at any given time, this is the 
kinetic order that would be expec~ed for the methylene mechan-
ism if either the formation of the carbanion or its decomposi-
tion to methylene is rate-controlling. The alkylation-dehydro-
halogenation mechanism for the formation of dinitrostilbene 
would also lead to these kinetics if carbanion formation 
were the rate-controlling step of the reaction. This cannot 
5 
be the case, however, because the unreacted ~-nitrobenzyl chlo-
ride recovered from treatment with base iO dioxane-deuterium 
(8) s. B. Hanna, Y. Iskander, & Y. Riad, J. Chern. Soc., 217 (1961). 
oxide contained about 0.42 deuterium atom per molecule 
after a time during which about 38 per cent of the halide 
should have been transformed to dinitrostilbene. This shows 
that the first step of the reaction is reversible, with 
the carbanion being protonated at a rate comparable to its 
rate of further reaction. ln this case the reaction rate 
by the alkylation-dehydrohalogenation mechanism should show 
a greater-than-~irst-order dependence on the concentration 
of p-nitrobenzyl chloride, and thus this mechanism may be 
ruled out on the basis of Hanna, lskander, and Riad's 
evidence. 
6 
By contras~, the rate of formation of ~,~'-dinitrostilbene 
oxide from ~-nitrobenzaldehyde, ~-nitrobenzyl chloride, and 
base was found to increase with increasing aldehyde concen-
tration, showing that the rate-control~ing step of the 
reaction is not methylene formation but probably combination 
of the aldehyde with a carbanion derived from ~-nitrobenzyl 
chloride. 
Although the report by Hanna, Iskander, and Hiad is 
in agreement with the hypothesis that a methylene inter-
mediate is formed in the reaction, it gives no direct 
evidence concerning the mechanism by which the methylene 
is transformed to ~,~'-dinitrostilbene. This point will be 
discussed in relation to a closely related study of the 
re~ction of ~-nitrobenzyldimethylsulfonium ions with sodium 
hydroxide that was carried out by Swain and ~hornton. 
7 
These workers studied the reaction in dilute aqueous solu-
tion (where the total yield of cis- and trans-E,~'-dinitro­
stilbene is 99 per cent) in the presence of 0.3 M sodium 
perchlorate to minimize the effect of changing ionic strength. 9 
The organic reactant was found to undergo base-catalyzed 
deuterium exchange much more rapidly than it formed dinitro-
stilbene, showing that carbanion formation cannot be rate-
controlling. The basic reaction mixture was slightly orange, 




CH3 CH3 ~/ 
CH3 CH3 ~v 
I 11 
' -C-H C-H -H f 
0 I 0 .. Jo .. .,.. .. )lr etc • 
N02 N02 N02-
When a pellet of potassium hydroxide was added to the solu-
tion a deep crimson color surrounded it as it dissolved. This 
observation prom~ted Swain and Thornton, despite its lacking 
spectrophotometric confirmation, to assume that the light 
orange color stemmed from the conversion of only a small 
frac-tion of the sulphonium salt to its aarbariion. Since it there-
fore appears that the steady state assumption can be made for 
the carbanion, the observation that the reaction is first-
order in base and first-order in sulfonium salt rules out 
{9) c. G. Swain & E. R. Thornton, J. Am. Chem. Soc.,~' 
4033 (1961). 
an alkylation-elimination mechanism for the reaction, but 
is in agreement with a mechanism involving rate-controlling 
loss of dimethyl sulfide from the intermediate carbanion to 
give ~-nitrophenylmethylene. This methylene may either dimer-
ize or add to a carbanion and then undergo an elimination 
reaction. 
Ar-C-H 





-Me S 2 
On the basis of the sulfur'kinetic isotope effect, which 
is less than half as large as that observed in the solvo-
lysis of t-butyldimethylsulfonium ions, Swain and Thornton 
argue that the methylene does not dimeri~e but adds to 
carbanions. It is not clear, however, that the kinetic 
isotope effect in the present case can be predicted with 
the reliability required by this agrument. In either case 
the 99 per cent yield of dinitrostilbene obtained from 0.1 M 
sulfonium salt and 0.2 M sodium hydroxide in aqueous solu-
tion (55 M water) shows that if a methylene is indeed 
formed in the reaction it is a very highly selective species 
since it appears to react with carbanions that are present 
at a concentration probably no larger than 0.01 M or with 
a methylene whose concentration is probably much smaller, 
8 
rather than with the much more abundant species hydroxide 
ion and water. In reaction with the intermediate methyiene 
another methyiene molecule has the advantage of leading 
d'irectly to a stable molecule, but the carbanion probably 
has the advantage of being present at a higher concentration. 
Bergstrom and Fernelius10 reported that even benzyl 
chloride exhibits this type of reaction to form stilbene 
with potassium amide in liquid ammonia, while Kharasch 
and co-workers11 obtained a quantitative yield of this 
dimeric olefin with sodium amide in this medium. 
The condensation of benzyl chloride by iron and water 
to give trans-stilbene has been reported. 12 Hoeg and Lusk13 
reported the formation of trans-stilbene from reaction of 
n-butyllithium with benzyl chioride in tetrahydrofuran. It 
is evident that there are a number of ways and mechanisms by 
which benzyl chloride is tranformed into stilbene. Closs 
and Closs found that the reaction of benzyl chloride with 
(10) F. w. Berestrom & w. C. Fernelius, Chem. Rev., 20, 
435 \1947). --
\ 11) M. S. Kharasch, W. Nudenberg & E. K. Fields, J • .Am. 
Chem. Soc., 66, 1276 (1944). 
(12) Y. Ogata & H. Nakamura, J. Org. Chem. 21, 1170 (1956). 
(13) D. F. Hoeg & D. I. Lust, J. Am. Chem. Soc., 86, 928 (1964). 
9 
n-butyllithium in ether and cyclohexene leads to the 
formation of 14 per cent 7-phenylbicyclo-(4.1.0) heptane, 
among other products. ~4 
This observation may be explained on the basis of the 
initial ~-dehydrochlorination of benzyl chloride to give 
phenylmethylene, which then adds to the olefinic double 
bond; but, in view of the fact that the formation of cyclp-
propane derivatives is not in itself adequate evidence 
for the intermediacy of methylenes and the fact that the 
reaction of benzyl chloride with sodamide may not give 
phenylmethylene, it is believed that the elucidation of the 
mechanism of the reaction of benzyl chloride with butylli-
thium requires further study. The same may be said of the 
reaction of benzyl phenyl ether with butyllithium, found 
by Schollkopf and Eisert1 5 to yield a small amount of 1,1-
dimethyl-2-phenylcyclopropane when carried Qqy~in the 
presence of isobutylene,or a little benzylidenetriphenyl-
phosphine when carried out in the presence of triphenyl-
(14) G. L. Closs & L. E. Closs, Tetrahedron Letters, no.24, 
26 (1960). 
( 15) U. Schollkopf & M. Eisert, .Ann., ..§.§.!, 76 ~ 1963). 
10 
phosphine. 
~9,9'-bifluorene was obtained from 9-bromofluorene 
and potassium hydroxide in methanol-acetone by Thiele and 
Wanscheidt, 16 from 9-fluorenyltrimethylammonium hydroxide 
by Ingold and Jessop~ 1 7 and from 9-chlorofluorene and 
potassium amide by Hauser and coworkers. 18 
Bethell's observations that the formation of ~9,9'_ 
bifluorene from 9-bromoflu~Fene and potassium t-butoxide 
. -
in t-butyl alcohol is first-order in base and second-order 
in organic halide, and that the base-catalyzed deuterium 
exchange of 9-deuterio-9-bromofluorene is rapid compared 
to the formation of bifluorene, show that the alkylation-
(16) J. Thiele & A. Wanscheidt,.Liebigs Ann. Chem. 376, 278 
{1910). ---
(17) J. A· Jessop & C. K. Ingold, J. Chem. Soc., 2357 (1929). 
(18) c. R. Hauser, w. R. Brasen, P. S. Skell, s. w. Kantor, 
& A. E. Brodhag, J • .Am. Chem. Soc., 1§., 1653 (1956). 
11 
elimination mechanism is very probably operative. 19 
Excellent reviews on the subject o~~-elimination 
have appeared within the last two years. 20 
Since no rate-measurement have been done concerning 
the interaction 0~ benzyl chloride with strong~bas~, and 
since such measurements are necessary ~or ~ormulating a 
mechanism, it appeared necessary to carry out such an 
investigation. The interaction o~ benzy~ ch~oride with 
sodium amide in ~iquid ammonia would be an ideal system 
to study since the product, stilbene, is ~ormed quantita-
1 1 tively. However, in the ~ace o~ technica~ dif~icu~ties 
tworking.with liquid ammonia) it was thought feasible to 
try the benzyl chloride - t-butoxide in t-butyl alcohol 
system. 
(19) D. Bethell, J. Chern. Soc., 666 (1963). 
(20) w. Kirmse, Angew. Chern. (International Edition in 
English), 4, 1 (1965); J. Kine, "Divalent Carbon", 
Ronald Press, New York 1964; w. Kirmse, "Carbene 
Chemistry", Academic Press, New York 1964. 
12 
III. EXPERIMENTAL 
The experimental part of this work will be treated 
under the following three sections: 
A. Preparation of the materials to be studied. 
B. ~alitative investigation of the products of the 
reactions. 
c. Kinetic technique and rate measurements, comprising 
results and graphical representations. 
A. PREPARATION OF MATERIALS 
The following materials were either prepared or pur-
chased and purified according to standard procedures. 
Benzyl chloride, material of laboratory analytical 
reagent grade was distilled in vacuum using a short-path 
fractional distillation apparatus as shown in ~ig. 1. The 
colourless product was kept away from light in a bottle 
covered with black paper. 
13 
t-Butyl alcohol was purified by distillation over sodium 
metal through the apparatus shown in Fig. 2. The middle frac-
tion, boiling at 83°0. was collected with precautions to· ex-
clude moisture, and was kept in a pyrex glass-stoppered bottle. 
Silver nitrate solution was prepared by weighing 2.0842 
grams of silver nitrate and dissolving in distilled water 
to make 2 liters. The calculated molarity is 0.00614. 
14 
Potassium t-butoxide so~ution was obtained by dissolving 
freshly cut potassium metal in distilled t-butyl alcohol. 
Freshly prepared potassium t-butoxide solutions were used 
£or all experiments. 
Hydrochloric acid, standardized by titration against 
sodium carbonate using methyl orange as indicator, was 
used to determine the concentration of potassium t-butoxide. 
Sodium chloride solution used for standardization of 
the silver nitrate solution was prepared by dissolvjng 
0.3287 gram of pure sodium chloride in one liter solution. 
~he molarity of this solution is 0.00562. 










l'ig. 2 DIS?!ILLA.!riOJ' 01 !-BUTYL ALCOHOL 
B. QUALITATIVE INVl;STIGATION OF THE PRODUCTS OF REACTION 
Benzyl chloride was allowed to react with potassium 
t-butoxide in t-butyl alcohol, at refluxing temperature, 
for a period of time sufficient·to insure complete trans-
formation of the covalent chloride into ionic chloride. The 
initial concentration of benzyl chloride was 0.1 M, and 
that of potassium t-butoxide was about 0.2 M. The reaction 
mixture was neutralized with concentrat;;;d hydrochLoric 
acid and the precipitated potassium chloride filtered off. 
The fil~rate, arter dilution with an equal volume of water, 
was extracted with ether several times, and the collected 
ether extracts subjected to gentle distillation to remove 
the ether. Most of the extracted t-butyl alcohol was removed 
on the rotary evaporator at a temperature of about 50°0. The 
remainder , a mixture of oil and shiny crystalline flakes, 
was identified as a mixture of cis- and trans-stilbenes by 
smell, by comparing its gas chromatograph with that of an 
authentic sample prepared by Mr. R. Steinkamp, and by forma-
tion of the dibromo derivative. The latter was prepared by 
adding bromine i:n ether to the reaction product in ether, 
and subjecting the reaction mixture to sun light. The once 
clear solution of reactants developed turbidity suddenly 
with separation· of tiny white crystals of the dibromostil-
o • • 0 18 bene, m.p. 235 C, l1t. 237 C. 
17 
18 
C. KINETIC TECHNIQUES .AliD RATE MEASUREMENTS 
METHOD OF ANALYSIS: The kinetic investigations in the 
present work consisted essentially of determining the 
amount of chloride ion liberated at differ~nt intervals 
of time. An electrometric method for the determination of 
chloride ions was used. 
zo In this simple and rapid method, due to R. J. Best, 
a silver wire coated with silver chloride dips into the 
solution of unknown concentration, and is connected to a 
quinhydrone half-cell by means of an agar-potassium nitrate 
bridge. At the end point, in the titration of a chloride 
solution with silver nitrate, the chloride ion concentration 
is 1.0 x 10-5 (the solubility product of silver chloride = 
1.0 x 10-10) at 25°0., and the theoretical potential of a 
silver-silver chloride electrode in this solution would be 
-0.521 T. If, therefore, this electrode is connected with 
a quinhydrone reference half-cell giving a steady potential 
of +0.521 v., the combination will have zero potential at 
the end point of the titratibn. A quinhydrone half-cell 
made from a buffer solution of pH3.03 meets these require-
ments at a temperautre of 25°0. At 16°0., the calculated 
pH of the reference half-cell is 3.30. In practice, the 
buffer solution can have any value between 3.0 and 3.3 
(2o) R. J. Eest, J. Agric •. Sci., J2, 533 (1929). 
without introducing an error greater than one drop o~ 
0.005 M silver nitrate in the usual volume titrated, for 
all temperatures between 16° and 25°C. 
19 
The end point is denoted by a reversal of the direction 
of current, for the Ag-AgCl electrode is negative with 
respect to the quinhydrone electrode as long as free chloride 
ions remain in solution. As the titration proceeds and 
silver nitrate is added, the potential difference decre~ses 
until, at the theoretical end point, it is zero. The further 
addition of silver nitrate solution causes the Ag-AgCl 
electrode to become the positive pole so that a reversal 
of current occurs at this point. With suitable galvanometer 
in circuit, this reversal of current can be easily detected 
to within one drop of 0.005 M silver nitrate. 
The titrations were carried out in a medium of pH about 
2, using sulphuric acid as the acidifying agent. 21 
Reagents: 
a) Buffer solution of pH 3.2: 10.21 grams of potassium 
hydrogen phthalate were dissolved in distilled water, 148 ml. 
of 0.1 M sUlfuric acid were added, the solution diluted 
to 1 liter, and stored in a stoppered pyrex bottle. The 
pH when checked with a pH meter was 3.25. 
b) Quinhydrone reference half-cell: An analytical 
grade of quinhydrone and conventional electrode vessel were 
(21) A. H. Snyder, Soil Sci., ]2, 43 (1933). 
used. Before use, the platinum electrode was cleaned ... with 
a hot mixture of chromic and sulphuric acids, washed well 
with distilled water, and heated to_redness in an alcohol 
flame for a few seconds to ensure constancy and correctness 
of potential. The electrode solution was prepared by 
dissolvinga small amount of quiilhydrone in the bu.ffer 
solution in the half-cell. The solution of q¥inhydrone 
reference half-cell must be freshly prepared every day 
to ensure a steady potential. 
c) Silver-silver chloride electrodes: Standard silver 
electrodes, approximately 5 in. long, were purchased 
from Beckman Instrument, Inc. The electrodes were cleaned 
with mild detergent, then with concentrated ammonium hydro-
oxide, and finally with distilled water. The electrodes 
were made anodes in a cell using a platinum cathode and 
1 ~hydrochloric acid as electrolyte. The current was 
regulated with a rheostat to about 5 ma from a 1.5 volts 
battery so that a small stream of hydrogen was noticed at 
the platinum electrode. The electrolysis process was 
continued for four hours. The electrodes during~d after 
electrolysis were protected from direct light. 22 
d) Agar-potassium nitrate bridges: The bridges were 
pyrex tubes 1 em. i.d. bent to a U shape. They were filled 
with a hot cooked mixture of 8 grams U.S.P. agar-agar from 
Fisher Scientific Co. and 50 grams of chloride-free potassium 
(22). G. J. Janz & H. Taniguchi, Chem. Rev., 22, 397 (1953). 
20 
nitrate in 100 ml. of distilled water. When not in use, 
the bridges were kept in a covered beaker containing 
saturated solution of potassium nitrate so as to maintain 
the nitrate concentration and prevent the agar from drying 
out. 
CONSTANT TEMF~RATURE CONTROL: A constant temperature 
water or oil bath was used for the rate measurements.Tem-
perature control was of the order of ± 0.05°0. 
SEALED AMPOULE TECHNIQUE: Since trial experiments showed 
that the half-life of the reaction studied was of the order 
of 50 hours at 30°C., the two reactants could be premixed 
in a volumetric flask; measured volumes of samples were 
transferred to clean and dry test tubes, cooled and then 
sealed. The zero time was taken as the time when these tubes 
were put in ~he constant temperature bath. 
The following is a description of an experiment in 
detaii: Benzy~ chloride (0.6370 gr.) was weighed directly 
into a 50-ml. volumetric flask and diluted to the mark 
with 0.1 M potassium t-butoxide. Samples, 5 ml. each, were 
withdrawn, transferred to test tubes, and sealed. The tubes 
were withdrawn ~rom the bath at certain recorded intervals 
of time, cooled, opened and their contents transferred '. 
quantitatively to a small beaker containing 25 ml. of 1 M 
sulfuric acid. The chloride content was titrated at once 
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l'ig. 3 ELECTROMETRIC :METHOD FOR THE DETERMINA!fiOB 
OF CHLORIDE IONS 
1. Platinum electrode 
2. Quinhydrone half-cell 
3. Saturated potassium nitrate solution 
4. Agar-potassium nitrate bridge 5. Ag-AgOl electrode 
6. Titrntion vesatl 
7. !ure1rte 1 e. Xe7, aingle oontaot 
KINETIC DATA 
Run 2!. 
The temperature is 30.0°0. 
Concentration of benzyl chloride = 0.03086 mole/liter 
Concentration of potassium !-butoxide = 0.29892 mole/liter 
Time in hours 19.50 36.80 48.50 67.50 
ml. of AgN03 4.78 8.50 10.80 13.80 
Average value of k = 1.1845 X 10-5 liter/mole-sec 
Run 2B 
0 The temperature is 30.0 C. 
Concentration of benzyl chloride = 0.03349 mole/liter 
Concentration of potassium t-butoxide = 0.28982 mble/liter 
Time in hours 15.00 26.00 43.00 61.40 
ml. of Agl!f03 4.60 6.60 10.60 13.70 
Average value of k = 1.0923 X 10-5 liter/mole-sec 
Run 2C 
0 The temperature is 30.0 C. 
Concentration of benzyl chloride = 0.03002 mole/liter 
Concentration of potassium t-butoxide = 0.29892 mole/liter 
Time in hours 11.80 22.70 34.30 53.80 77.20 102.80 
ml. of AgN03 2.66 5.10 7.10 16.20 * 10.30 13.10 
Average value of k = 0.96045 X 10-5 liter/mole-sec 
* These points gave rate constants which deviated by more 
than 15 per cent from the value calculated by least-squares 
fitting of the data, and were, therefore, excluded from 
the final calculations. 
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Run 3A 
0 The temperature is 30.0 C. 
Concentration of benzyl chloride 
Concentration of potassium t-butoxide 
Time in hours 18.75 47.50 66.70 
ml. of AgN03 7.08 14.50 16.90 
Average value of k = 0.81646 X 10-5 
Run 3B 
0 The temperature is 30.0 C. 
= 0.03084 mole/liter 




Concentration of benzyl chloride = 0.03076 mole/liter 
Concentration of potassium 1-butoxide = 0.59784 mole/liter 
Time in hours 14.4 25.50 42.50 60.80 
ml. of AgN03 * 8.6 10.00 13.90 17.10 
Average value of k = 0.86517 x 10-5 liter/mole-sec 
Run 3C 
0 The temperature is 30.0 C. 
Concentration of benzyl chloride = 0.03280 mole/liter 
Concentration of potassium t-butoxide = 0.59784 mole/liter 
Time in hours 11.00 22.00 33-50 53.20 76.50 
* * ml. of AgN03 7.16 11.80 14.50 16.40 21.10 
Average value of k = 0.84751 X 10-5 liter/mole-sec 
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Run 4A 
The temperature is 30.0°C. 
Concentration of benzyl chloride = 0.06146 mole/liter 
Concentration of potassium t-butoxide = 0.59568 mole/liter 
Time in hours 18.00 35.30 46.80 
ml. of AgN03 17.80 27.80 32.70 
Average value of k = 1.0600 X 10-5 liter/mole-sec 
Run 4B 
The temperature is 0 30.0 c. 
Concentration of benzyl chloride 
Concentration of potassium t-butoxide 
Time in hours 13.40 23.50 41.50 
ml. of AgN03 10.90 18.20 26.10 
Average value of k = O.tJ7934 X 10-5 
Run 4C 
0 The temperature is 30.0 c. 
Concentration of benzyl chloride 
Concentration of potassium t-butoxide 
Time in hours 10.40 21.30 32.80 
ml. of AgN03 11.34 18.70 24.30 
Average value of k = 0.83993 X 10-5 
= 0.06061 mole/liter 




= 0.06001 mole/liter 






0 The temperature is 30.4 C. 
Concentration of benzyl chloride = 0.03155 mole/liter 
Concentration of potassium t-butoxide = 0.29892 mole/liter 
Time in hours 18.50 32.00 43.80 
ml. of AgN03 ?.40 11.30 13.10 
Average value of k = 1.4777 X 10-5 
Run 2E 
0 The temperature is 30.4 C. 




= 0.03351 mole/liter 
Concentration of potassium t-butoxide = 0.29892 mole/liter 
~ime in hours 18.30 31.50 43-50 
ml. of AgN03 7.40 11.80 14.40 
Average value of k = 1.6228 X 10-5 
Run 3D 
The temperature is 30.4°C 




= 0.03155 mole/liter 
Concentration of potassium t-butoxide = o. 59784 mole/liter 
~ime in hours 17.50 :51.00 42.70 53.00 80.00 
ml. of AgN03 9.50 13.60 16.60 18.50 20.70 
Average value of k = 1.1360 X 10-5 liter/mole-sec 
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Run 3E 
0 The temperature is 30.4 c. 
Concentration of benzyl chloride = 0.03136 mole/liter 
Concentration of potassium t-butoxide = 0.59784 mole/liter 
Time in hours 17.30 30.50 42.50 53.20 70.00 
ml. o:f AgN03 9.60 14.20 17.70 
19.10 21.50 
Average value o:f k = 1.2463 X 10-5 liter/mole-sec 
Run 4D 
The temperature is 30.4°0. 
Concentration o:f benzyl chloride = 0.06137 mole/liter 
Concentration of potassium t-butoxide = 0.59568 mole/liter 
Time in hours 14.70 28.00 39.80 
m.l. o:f AgN03 14.90 23.70 29.10 
.Average value o:f .. · k = 1.0061 X 10-5 
Run 4E 
The temperature is 30.4°0. 




= 0.06072 mole/liter 
Concentration o:f potassium t-butoxide = 0.59568 mole/liter 
!rime in hours 14.40 27.50 39.50 74.50 
m.l. o:f .AgN03 14.60 24.10 * 29.10 43-20 
Average value of k = 1.0503 X 10-5 liter/mole-sec 
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Run 8A 
0 The temperature is 40.7 c. 
Concentration of benzyl chloride = 0.10203 mole/liter 
Concentration of potassium t-butoxide = 0.09880 mole/liter 
Time in hours 8.30 30.30 41.00 54.50 66.90 
ml. o:f AgN0 3 7.40 24.20 29.00 33.60 38.30 
Average value of k = 3.6207 X 10-5 liter/mole-sec 
Run 8B 
0 The temperature is 40.7 C. 
Concentration of benzyl chloride = 0.10198 mole/liter 
Concentration o:f potassium t-butoxide = 0.09880 mole/liter 
Time in hours 8.10 17.90 29.50 
ml. of AgN03 7.70 14.50 23.30 
Average value of k = 3.5829 X 10-5 
Run 6A 
0 The temperature is 50.3 C. 




= 0.10096 mole/liter 
Concentration of potassium t-butoxide = 0.09880 mole/liter 
Time in hours 8.90 20.40 27.40 33.20 45.50 56.50 
ml. of .A.gN03 17.30 32.00 37.80 * 41.70 47.80 50.70 
Average value of k = 8.7787 X 10-5 liter/mole-sec 
28 
Run 6B 
0 The temperature is 50.3 C. 
Concentration of benzyl chloride 
Concentration of potassium t-butoxide 
Time in hours 8.20 19.70 27.00 
ml. of AgN03 17.50 32.30 39.90 
* 
= 0.10252 mole/liter 
= 0.09880 mole/liter 
32.60 44.70 55.90 
44.00* 47.20 53.00 
Average value of k = 8.7674 x 10-5 liter/mole-sec 
Run 6C 
0 The temperature is 50.3 C. 
Concentration of benzyl chloride = 0.10085 mole/liter 
Concentration of potassium t-butoxide = 0.09880 mole/liter 
Time in hours 8.00 19.50 26.60 32.40 44.50 
ml. of .A.gN03 17.40 33.10 39.80 43.70 48.90 
Average value of k = 9.5288 X 10-5 liter/mole-sec 
Run 7A 
0 The temperature is 59.7 C. 
Concentration of benzyl chloride = 0.10040 mole/liter 
Concentration of potassium t-butoxide = 0.09880 mole/liter 
Time in hours 4.60 7.50 15.00 22.00 27.40 31.40 43.00 
ml. of AgN03 * * 18.60 26.50 37.50 47.70 52.50 54.30 59.00 
Average value of k = 18.340 x 10-5 liter/mole-sec 
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Run 7B 
0 The temperature is 59.7 C. 
Concentration of benzyl chloride 
Concentration of potassium t-butoxide 
Time in hours 4.5 7.3 15.0 16.3 
16.0 * 26.0 ml. of AgN03 39-3 43.2 
= 0.10129 mole/liter 
= 0.09880 mole/liter 
21.8 27.3 31.3 
49.9 53.1 55.0 
Average value of k = 19.206 x 10-5 liter/mole-sec 
Run 9A 
The temperature is 69.8°0. 
Concentration of benzyl chloride = 0.10017 mole/liter 
Concentration of potassium t-butoxide = 0.09880 mole/liter 
Time in hours 4.87 7.25 9.88 11.30 14.25 
ml. o:f AgN03 33.40 42.80 48.30 51.90 54.40 
Average value of k = 40.685 X 10-5 liter/mole-sec 
Run 9B 
0 The temperature is 69.8 c. 
Concentration of benzyl chloride = 0.10003 mole/liter 
Concentration of potassium t-butoxide = 0.09880 mole/liter 
:r!ime in hours 4.63 7.00 9.70 11.53 1/1..\'Jg 17.00 
ml. of AgN03 32.60 41.30 49.20 54.00* 61.20 * 55.10 
Average value of k = 43.321 X 10-5 liter/mole-sec 
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Calculation of the energy of activation Ea for 
the reaction between benzyl ch~oride and potassium 
1-butoxide in t-butyl alcohol, between 30.4° and 69.8°0. 
TABLE I DATA FOR ACTIVATION ENERGY CALCULATION 
Avg. k, .L.(mol-sec t 0 c • T, 0 .K. 1/T x 104 
1.2565 X 10-5 30.4 305.56 32.72 
3.6018 X 10-5 40.7 313.B6 31.86 
9.0241 X 10-5 50.3 323.46 30.90 
18.7730 X 10-5 59.7 332.86 30.04 
42.0030 X 10-5 69.8 342.96 29.16 
Figure 4 is a depiction of these results. 
Ea =Slope x 2.303 x 1.987 = 18,200 calories. 
31 
Fig. 4 PLOT OF SECOND-oRDER RATE CONSTANTS ON 
A LOG SCALE VS. 1/T FOR DETERMINATION 




















THE ORDER OF THE REACTION 
The reaction was investigated under pseudo-unimole-
cular conditions in trial experiments. The presence of a 
large excess o~ t-butoxide ion as compared to the initial 
concentration of the halide in the reaction medium gave 
rise to ~irst-order kinetics. The data of such experiments 
fitted the appropriate equation, 
ln A/(A-X) = kt 
Where A is the initial concentration of benzyl chloride, 
and X the amount decomposed at time t. 
Reactions carried out with varying concentrations of 
benzyl chloride and t-butoxide ion seem to indicate that 
the over-all reaction order is two, first order in each 
of the reactants. 
The results of Table II suggest the following rate 
law, 
dX 
Rate =Cit= k2 (Benzyl chloride) ( t-ButoxideJ 








Where A = initial concentration of benzyl chloride 
B =initial concentration of potassium t-butoxide, 
X = amount reacting in time t 
T.A13LE II 
Second Order Rate Constants for Reaction of 
Benzyl Chloride with Podassium t-Butoxide in 
t-Butyl Alcohol at 30.0 C. 










































The formation of stilbene from benzyl compounds by 
the action of strong base can be accounted for by at least 
two distinct mechanisms. 20 
(A) THE «-ELIMINATION ~ffiCHMiiSM: 
Qcn: + Qcn: 
slow, rate-determin-
ing step 
Qcn: + oCHX--_...oCH::CHO 
' or] fast 
+X.,;. 
The operation o£ this mechanism in the ~-nitrobenzyl. 
series has recently been proved usinglkine.ti:cmethoda.9, 10 
(:B) THE BIMOLECULAR ALKYLATION-DISPLACEMENT MECru.NISM: 8 
QcH2x + :B 
Qcnx~Q +E 
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Isolation of the intermediate "dimeric" halide (I) at low 
temperatures was taken as an evidence for the occurence of 
this mechanism in the benzyl and the diphenylmethyl 
series. 17 
Mechanisms (A) and (B) are distinguishable kinetically, 
provided that the proton transfer in the first step in 
each mechanism is faster than the succeeding steps. Mechan-
ism (A) would demand first-order kinetics in the benzyl 
halide, while mechanism (B) is satisfied by second-order 
kinetics in the organic halide. 
At a first glance, our results seem to favor the 
o(-elimination mechanism. However, we have not carried out 
any deuterium exchange experiments to ascertain whether or 
not the proton transfer step is a fast equilibrium. We 
feel, therefore, that an alternative mechro1ism is possible. 
(C) 
slow, rate-deter-
0 mining step, k1 CH2Cl.+ 1-BuO- > fast, k_1 0 CRCl .,- + ,1-BuOH 
+ _1-BuO- . ------+- CH=CR . fast, k3 0 0 
+ ,1-Bu.OH 
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Mechanisms (A) and (C), but not (B), lead to second-
order over-all kinetics as is evidenced from the following: 
(A)' 
But 
Where Ke = equilibrium constant = k1/k_1 
There.fore, 
(c)• 
d (c6R5ca2cl) = 
dt 
Where k1 is second-order rate constant 
We believe that the isolation of the "dimeric" halide 
by Hauser and co-workers17 at low temperatures does not 
necessarily indicate that mechanism (B) is operative in 
liquid ammonia. Only kinetic measurements coupled with 
37 
tracer techniques on the parent compound as well as on 





















s. E. J. Olivier, Rec. trav. chim., ~' 687 & 996 ( 1930). 
M. Simonetta & G. Favini, J. Chem. Soc., 1840-4 (1954). 
C. K. Ingold, "Structure and Mechanism in organic 
Chemistryn, Cornell University Press, lthaca, 1953, 
p 324. 
J. L. Gleave, E. JJ. Hughes,lt C. K. Ingold, cJ. Chem. 
Soc., 2~5 (1Y35). 
P. Walden & A. Kernbaum, Chem. Ber., ~' 1959 t1e90). 
E. Bergmann & J. Hervey, Chem. Ber., 62, 893 {1929). 
E. Kleucker, Chem. Ber., 62, 2587 (1929). 
s. B. Hanna, Y. Iskander, & Y. Riad, J. Chem. Soc., 
217 l1961). 
C. G. Swain & E. R. Thornton, J. Am. Chem. Soc., ~' 
4033 {1961). 
F. w. Ber~strom & w. C. Fernelius, Chem. Rev., 20, 
435 (1947). 
M. S. Kharasch, w. Uudenberg, & E. K. Fields, J • .Am. 
Chem. Soc., 66, 1276 (1944). 
Y. Ogata & R. Nakamura, J. Org. Chem. 21, 1170 (1g56). 
D • .r. Hoeg l't D. 1. Lust, cJ • .Am.. Chem. Soc., cs6, ':128 
(1964). 
G. L. Closs & L. E. Closs, Tetrahedron Letters, No. 24, 
26 (1960}. 
U. Schollkopf & M. Eisert, Ann., 664, 76 (1963). 
J. Thiele & A. Wanscheidt, Liebigs Ann. Chern. 376, 278 
(1910). 
39 




c. R. Hauser, w. R. Brasen, P. s. Skell, S. w. Kantor, 
& A. E. Brodhag, J. Am. Chem. Soc., 78, 1653 (1956). 
D. Bethell, J. Chem. Soc., 666 (1963). 
w. Kirmse, Angew. Chem. (International Edition in 
English), !, 1 (1965); J. Hine, "Divalent Carbon", 
Ronald Press, :New York 1964; w. Kirmse, "Carbene 




Least Squares Computer f,rogram 
r: r: i• L r: lJ L /. Tf n i 1 r 1 ~ ~ 1~ C ll/ 11) n, t 11 :: '; R 1\ T F; r: r II I~ T ,.. T ~ 
" . f .. , · •. r. T ! I I ; 1 T y p r.: f!. ( J\ ) + s ( l'· ) = r :". fJ [) u c T s 
I I l . p : I ~ ) I u: ; ~: i i L ( 311 p ) ' I ·l ( 3 () () ) ' X ( 3 (.1 () ) ' y ( 3 ()() ) • :: ~ I . I :·) ( 3 00 ) ' I) I: L ( 3 () 0 ) ' T ( ·~ (l (j 5 
.,.~f . l l 106 , ; i 
n n 6 I''= 1. , ;.j 
''I; 1\0 10:' 1 T F.i;P 
PII I 1CH 20n ,T Ei ;p 
" r: f I) l () 6 ' L 
" ( I () !: = l ' L 
nr- i·.n 11)6 , ;, 
:: 1' =1' 
., r: t\ 11 1< 1 n , c x 1 i L c 1 l , I - 1 , r ~ J 
1: F f\1 l 1 (H) , ( II ( I ) , I = l 1 ; I ) 
! ~ •: /\ " 11 C) , f\ , i ~ 1 I~ 1 S , C .~ 
i> I I ; 1 C ~ I J.! i 7 1 1\ 1 p, 
f'' l ?. !=1.,' ' 
T { T ) = ::;t, 'H' • :.!:1 I { I ) 
:: ( 1 ) =;:;, L (I ) ~~tl~ / 5 . 
7. Y C I l=LI H;i"= C H~::C/1. - {:::X (I) )/( A>::( f-3 - S>::X ( I)) ))/ ( A- ' : ) 
C u:i\ ST -S fll! Af~E S f=ITTI Hf, Of Dt\TA 
S I I! : ;~ - U • Cl 
~ll i\Y=O . t:1 
~'I I: j ;: '( = () • I) 
S I I; j ~: /: () • () 
11 r • :~ I = 1 1 fl 
~ I' . i ;: = T ( I ) +SUI: ;~ 
S II i l Y = Y ( I ) + S I I i ;y 
S llj i X Y = T ( I ) :.:: Y ( I l + S l.ll i X Y 
3 !'II : .;~~L=T ( I ):.:::;:?.+Sil r~ X2 
11 r j: =;::: ::: St ,. i ;: ?. - s l! i ;;: :;:::: 2 
SLilP •.-: = ( ~~:, :: S l li ·l::Y -SII i iX:::SII IW ) / Dt:: t 
r: :.r IS T = ( Sll!l X z:::su ! iY - S Uli X::: SUI·lXY ) /OE/-1 
Pl !i !C I ! l !.l l 1 S LOPI: 1 Cll i'I ST 
C CALC ULATE OF I~ OIVIOUA L SLOPES 
f)l} L;. I=l, ll 
C:\LC I(- Y <I) IT C I) 
!'I r: L (I > = S U l PE - C/.\ LCl( 
' :· D l'l I c II 1 0 2 ' T ( I ) ' c J\ L c :< ' 0 E L { I ) 
C sT:-\T IS t! c:\1. TR £:J\ TI 1 E 1 ~ l f);- I HE UAl/\ 
nrLl=O . Ow 
nr-L2=0 .0 
- ' ns L OP=f\~SF ( OEL (I)) 
11 '-:Ll= USLDP+Or:L l 
!1· 1>1: L ?.=l1 SLOP :~~';:f+D 1: Ll 




[)I I. I c: II 1 0 3 ' J.\ 0 r: 1/ 
~T11=5f • f':. TF (PFL?./C:~ i' :::(Xi 1-1. ))) 
i'l 'i 1C H 1'l ' l , ~ TU 
P 1.: ·~ C: T = ?. 0 n • ::: S T 0 I S U l P r: 
r. :>1:;!CI: lO"i 7 PEi''.C T 
STrlP 
J (HI t · I I;> ; ; l\ T ( 1 % 1: (, • :;) ) 
1. n ~- F P ' . : i 1\ T ( ?.;: , 71 ! S Lll P E = , ':: 1 3. 5 , J.l·. H l IT r: r:: /' ; II_ - ~ C: , ? ': , 1! 1-IC n~l S T /l. i 'T = , •: 1. ? • ~~ : 
l I)?. ,: 111:.: i :i T ( ?. I: ' !=i 1·: T I j I ': = ' ,: 1 () • 3 ' 2 >: ' 1 0 ~IE X p f. l l j ' ~~ ·, = ~ 1 1 . • I; ' ?. ;( ''~ HIJ E v- , ·: J. ?. • :' ) 
.J.n?- Frw~· i\T( ~;~ , J.91 : /\ '.'F.i~f.G~: Pf: '/l ;\ Tlfll1 = 7 1~ 1 .~ . ;~ 1 
1 roL·. ;: r l P.i · 1\T ( ~X , ?. OH S T 1\ · ''' /. 1 ~ I) I l '= \f I t\ T I llf 1 = 7 F 1 ?'·. · · ) 
l. n~; l-fJf?.' • ,\T<2>: , L~21 1Pf:I~C':dT PE\f i 1\TIDI! AT n~ r . . 11 f·•: •r:t:: Lf:Vtl = , F7 . -·\) 
J. nr, Fnn. : li\T ( l~) 
107 F PRii/\T ( lX , l311Cfli·' C nF RCL =, r!1 . 5 , 5~C ,JAH•.f 1 : : ·l 1: l·~l iO - =,F ;": . 'j ) 
1 '1: Hll~i il•. T ( U• . l ) 
.1. 1 n r= nr~: 1, \T < 6 r: 1 ?. • 6 > 
?. n fl ;:.: P ~ ~ ll\ T ( 1511 1 T:: i.JP F. R f, T U R E I S , F 6 • 1 , L< , H I C ) 
43 
tlA r. " 'C f1 F r~ CL = . n3') .: t) Cllf-'C n1; t .IIIJ- ~· . ~":;n;.-~ 
Str•rr: = O. l lf:t,5f: - 0 ' : LlTJ: R/ :lnL E- Si.: t: •:1 ·:·1.\ t' T = -O . l?>A ~;n •~ -nr. 
TT T :: 7fl~(dl . r)n() r: ~: P CO!•S T= O . lOJ.• i ., r: - r)t, 11 II ;-, '' • t'~n·{l')( -()t; 
Tli J: =J. :-"·?.'t. ·U . OOO t; ;~ :> C•Ji' ST=O . J.fl f<: :· •: -t\1~ I• ''= •t .l2 203E -0~' 
T Ti T =J.7 't6Uo . nn o r:;:r CrldST=O . t l'1'·if.'r: - n t!. ' ' 1.'= '' · ·\l?il 7f: - ()r, 
T! i r:=?.L:·3P00 . onn F.;~p C;J : IST =O . J.J.?>~L~ 1-=-()1, I' 1/= fl . ~ill5 '~!: -06 
, "F; : ~ .. , r. r:: 1 1 1: v J /'. T I n i 1 = n • J. o 5 !to r: - o ~; 
;.,rr·. l' f • .'\I~ P l l!:vi,\Tini r = o . 6f- 19'~·: -n :. 
P!; f~C:F:I ' T Df: l/l t'.TI!ll' ;\T 95 Cni' F!I.>r: · · .: r~ 1_ ;: 111 · 1_ : 1. 1.177 
~~~~-------------2B Cf'''C nr: P.CL = . n3:··.t:r;: Clli'C 11 1; 1111 - = ,::- ·nn2 
S l.llP 17 = O . J.()n ?3 r:-o t~LIT r: ·~; ; Hll f: - .~:~: r:•• S Tt\:'T= -O . l3')(~oL: -n1 
r: " I ) J: I\. I C. ~ l fl S T = 0 • 1 J. ~~ ~~ 7 0:: - nt:. 
TJ : ol:= 93·1urJ . onn t:;~p c u:·JS T-0.1n0t:td; - rv} 
TJI F=15L~:100 . onn r:~P COiiST=O . l() ~~<-' t~F. -nl: 
T P. i~ =? 2 10 t;. 0 • 0 n n E ~~ P C 0: IS T = 0 • J. 0 q ()'I r- - n !: 
/\ " r:;:f{;l: IH:V I /\ TIOil = 0 . 3i1901E-or~ 
ST/\i·n,\~0 u r:vi :\ Ti n il = o . 31250r:-nr~ 
f>r i'.C':I'T DF:V l /\ TTOI ' i T 95 CUi'Flllr: ; •c i: L EVI l 
! ' . II= - I) • ( , 3 L:. 2 (~ ~ - () () 
,., I/= n . n 766:=>r: - or, 
I' ·V= n . ?.921~()J.: -07 
fo · \1:: n . 151380J: - [l7 
2~ c n · 1c t'F RCL = . o3oo~ c ni'C nr ;, 1111- !: • ~of:o?. 
Slf.IPI: = O . C)An l~5F. -05LITr:P-/IiC'LI:- S!:C Cl S Ti• :T= - 0 . 82'd ::r: - n ? 
T I !'f = '~24 f 0 . 00n E;:p C: OI· ~ST=0 . 91~:-:~. r: -n ~' 
TJ i ;F= S! l7 2'.J . nf)n F::p C fJi'ST=Q . C).'.., ' ll:· ~. : -o •> 
Ti i 1r: =l23'• ao . OOO EX? CO IIST=O . '?t~t:) -n:- nr; 
i ' ·V= - 0 . 79no<Jr:-o 7 
r· :v = 0 .162tH3F. - Pf, 
T i i·f: =J S36GO . ono E)~P COi!ST=0 . 9f:-7J.:J r: -o~ 1 ''=- 0 . 6R77A :?: - n7 
---=T~T i,.,... ~: -=-:?-:7:-::7:-::9:-:?.""'. O::-.-,o=-n=0--;-:E:-;-)~-:-:P,.----,C~r~J ,...,.i !""'S -=r---:::o-.""'9:-:5:-:':'::-, ,~~ <~J =-~:: -_-:-::, ,-=.,-..,- ... _.. - 0 • 7 3 6 3 0 E - 0 7 
t\ VEf'i·G£: l>E VL".T! Of·' = 0 . 17 3301:- f)c', 
~; T 1'.I 1 ''1'r~fl I [ '/I 11 Tlf1 i ~ = O. lJ. 725L~ -n r, 
!' ,.: , · c E: 1 f u H'I ,.. T ~ r ';' c r ~· 5 c ( 11 ' F r '' ~-:, ( ~.: '-'=" '-
.ltf c rwc '1F r: c L = . n3 :1:~ ~~- cr:wc f l F 1,! 11 1- ' 
~ t. rJ P :: = 0 • ~ 1 J. r, ':· f, ~: - f) 5 l I T E R I i i P l E- S U~ (.I 
• ~ .· 0 711-4· 
S TAI\IT= 0 . 1773'rE-n 1 
TT 11 r. = 6 7SOo . nntJ 1- ~:!> (,() d $1-0 . Il?/11.1.1: -f!', ,. ·'.1=-0 . IO~>Zr HE -01> 
TI : f:C: J7lfll lO . OOO r:):P CIJ I!ST=O. nS 7J.Il f~ -nr; I· ="=- 0 . 40635E - ()f, 
Tli i:=?.': Ol;~O . O()fl C:P Cni'IST=0 . 7 9t.·.rnr: - n:; i · ~ ''= 0 . 21552E - 06 
----. ...... , ,..f , .... 1-t : -=""'3"""(),....],....,. 6'""';'""', I"""J -. t,..,.J .,..n.,.,t:o-..,1 :"""~.,.,: I"'""J - (,...: 1""'1....,; l..,..S ... f-_..,.,J,...'""'~"""~ 3,........1 ..,.7 ..,..t~ .... ,:--"""n,.,..~,-~, · \! - - o • 15 2 74 E -o 6 
J'. 1.'1: f~/l. l. l: DI:V I t'. Tl:fli l = 0 . 2200 2!:- 0 ", 
$T/..t 'n;:l:r llEVI t\ TI OI! = o •. lt~3H~f: -()6 
PH:c r: i ·r ut:VL\TJI H. !\ T 95 C0; 1FirH:: •.:r: u;v :,_ = 3 .5 o7 
J8 Ct1 'C rl F I~C L = . 030 76 CDIIC nF 1 , 1 1~.1- ,.., . ~i 9784 
SL il P I=: = P . ;l6517F. - 0 5LITER/11Cli_E- SEC ': ' ' ST/\IlT = 0 . 6 2 565:: - n l 
Tt i.t:= 9 f .; <•n . onn c:/Z P C'J i,IST- 0 . 93 ~:9 td0: () :; 1 :V- o. 73 732E 06 
T i i:F. =153000 . (l()Q EXP COHST=O . fl99()0F. - 05 I ·:" =- 0 . 34l~36E-OA 
Ti i iE=zl r::: :: o . ono E~P COI~S T=O . n959~E-05 1 :v=- 0 . 30758E - O') 
l\ 1/t i •.M;t: ot:v !AT! Ui! = 0 . 4630 8[: 0•1 
S TI\tiD t\ IW OEVI/1Tl l li' = 0 . 3551 6E- 06 
PF!;C~fiT OtV I ATI OII /1 T 95 COt!F I DE: '(:I: u:v : l = 8 . 210 
3(! C(t,IC OF ltCL - .o 3 ~a 0 Col-IC r!F IJ ift .• . 59 7 BZ~ 
SLOPF. = O . B4 75 tr: - 05 LIT ER/HrlLE-S EC C !STANT= 0 . 222'~3r: +nn 
T I: ;: = 7 9 2 0 0 • ()"' !! :: X ::> C 0 1-.1 S T = Q • l 2 ':· 7 t; F: - I) t1. 
T T' ' f-= 1.915/.0. ()00 E~P COI'ST=O • . Jl~ 79 t . r.:-(lc:; 
. ) r: I =- (l . I;.QOL~3 E - 05 
l i~ ·· · = - () . t.~6 93 ;.'l.E - OR 
T L : ':- 2 7 5 '• 1-f> • !I fl 0 C: X P C tH·! S T - 0 • 9 7 '~ 3% r: - o ~i ' 1: ' ==- f.l . l.2 6U2 E- 05 
,'. '. 1 '.:~'./'.GE DI: V l/'.TI(J;! = O. l7591E-05 
r ::l ·.c.:: ~: T lJI.:\111\TIO; ~ :\T 9 5 C Oi ~ Fii>::• 'Cc Ll: " ::L == ·~:-C . ':· C"'~ 
C:'~i:C nF RCL = . 061':·6 CIJi' tC r1;: u ' tr1- == • <.~ 56f~ 
fA SU•Pr: ,; U. 10600E - v':·liTtR/: inL::- s :;c r: 'i . ·u -..·T = 0 . 64217': - 0 l 
'!' !! ::= 6L,G00 . 00() E:: :; CDi'ST -0 . 1161()1: - tV:- ) !::'· =-0 .101 66E - 05 
T r :: F.=1 27 0 UO. nno E}:P cn:·1ST=O . 11072":- 0t:. ·)!:' = - 0 . t;- 7 ?.59E - 06 
T!• . !==J.6 aL:. f; () . 0'!0 EX~) COi :ST=O . l09<.J~>r::-n .~·. '•~· =-0 . 3959RE - 06 
.t\ 1'1:!).:\GE DEVI/'.t I OH = 0 . 62n':·OE- Of) 
S T t\ i •n /·.P.n !J EV I,').. T I 01 = 0 . 4r. 5'~0 =- :16 
P 1: f~CE i 1 T DE'.' ! i\Tinf·t hT 9 5 CGi! FI DE:lC..: L ~'' ~: L = ~ . 159 
::r)' C flF ~CL - • 06061 COi·!C £lr 1., 1.1 : = 9? 68 
4/J SLDPr: = 0 . {; 7 9 3'~E -05LI T E1.'!;iOLE - S EC (. l j• ~ T t . i IT ; 0 . l 3 8 53 E - 0 1 
TI:: r:= ':- 02t;O . OOO EXP COf·JS T=O . f-1 7 87?.: -o~ ) •:· = 0 . 61J.72E-OO 
T r: ; F. = c '~ c, o o • o o o E x P c a>! s T-o • 9 3 un r: - o :') 
T r r:F.= lt~9L~OO . 000 f: XP COilS T=O. 8 721 3~-0 5 
Tr :: r:=?. 16000 . 000 EXP COI•!ST=0. 0895 M :-()5 
AVEnAG E DEV I AT ION = O. l7630E- 06 
S T 1\1 1 n 1\ R D D E V I AT I 0 ~; = 0 • 15 5 7 ' :· !: - 0 6 
) !: .. =- 0 • 5 2 L~ 7 6 E - 0 6 
l F" = 0 .72 0H5E - 07 
' F. ' ' =- O . J. O~Z?.E -06 
P:=!~l,f: HT OEVIAT I 0 i'! 1H 9 5 Cf1i 1FII)f: i"C c L~\'EL = ?. . 5t.~?. 
r.n;• c OF ftCL = . 0600 1 CONC OF L,IJn - = • · t)56 f, 
4-t SLOP f: = O. fl3993E - 05LI TER / IWLE- SEC C·H' . T;'.i·:T= 0 . 16607 E- OO 
T I: F.= 37':-L:-0 . 000 EXP COi'IST==O . lJ.9 8 6!: -:1'~ ' f.' =-0 . 35~{') 1:-E -05 
TFi E= 766BO . OOO EXP CONST=O . l0 7 86 i: - 0':· )(:: '· ==- 0 . 23 A6'~E -05 
TI! :E=ll fl 080 . 000 EXP COf\!ST=O. l0060E- 04 ) !: ' =-O.l660?.E-0 5 
T! ~·;f:=F. J6':·0 . 000 EXP CO!·IS T=0 . 92501!:-0~ )1;: ' =- O . q507L~E-06 
Tii'l:=?.728oO . OO O EXP CO NST=0 . 8973 1E.- 05 ) 1: ' =-0 .5738 1E-06 
AVEP.1'.G!: DEV I ATION = 0 . 18115E- 05 
STf\1·1[!/\R D DEVtAT! Of\l = O. l0575 E- 05 
PERCE~T DEV I AT I ON AT 9 5 CONFIDENC E L EVEL = 25 . 181 
44 
-45 
T · · . I' ' ·· ·· T t I 1·. t: I :;:; 3 f) • ':· C 
c:·rr. It:: P.CL = . 11315~ CrJi 'C P,-= .,11.'- = . . . () .. • • I • /~ 
.>J) c:l. ' tP t- :: C'; . l':· 777: -ot: LIT:::~/ ; ;, · ti_'~- Sl:C C . ~ ,· .. , 'T= 0 . 192Lt:,i:·t·flP 
--~~~T7· ~· ~~=~r~,r~J·~·"~,<~l~· ~' i~' :_n ___ r-~- ~~:p_· ~c~r~. i~ls~· ~r~=~0~·~1~7~3~'~4~r- -~~-' '~i· __ ·_• __ ':' .: - !1 . :5672r: - os Tl i i: =J.l. 5?.l,O . nf"'Q ::):P Cf1 1' S T= 0 . 17271 F -r : t~ •1: ' :~ - n . ?.L;9L~3t: -05 
TT' ': =1 5 7 1)111 . f)nn r:;~p Cf11!S T=0 . 1561J3f: - 11 t!. · :~ 1 -: - n . ·~~5H~~'=-06 
----:::T-;-J~· •-::E,....=-::J::-:. 0,.-:'-:-~ '-:-~ l;_.l c,....l .;:..• r-=-1 -::-n .,.n--::E,_,_X;...;,P,..---::C~O~i,..,.:' S:;.,T,;,..=_ n.,:.....:..• .;:.J . ..;,='..,:,' ~,.,;7....;:; ~F=---'',.-':.....~ _ • : •. "' - 0 • ,; 9 5 5 J. E ..,. 0 6 
T T j ·y = ? '~ ::1: 1, o • o '1 n r= x r co f·! s r = o • 1 57 3 7 r::-" ... i· • · '- ' "' - ' ' • · .' :l o 1 ?. E-o 6 
1'.' 1 f:l~i·. c;r- o;;v t t-.TIO: • = Q. 15036E-05 
ST t\' 1nt·r~n l.tt:VIfo.T i ni t = o . ;:r.,312t:- 06 
F!= ::C f·TT f.ll:VI/· TIU:I ;'..I ~5 COI·•t= I OEi!Ci: U:'/tl 
Cf1 i 'C 'lF P.CL = . 03351 COl•1C flf , , tJ 'l - = ~ S U tPF. = 0 . 16 ?.2R r: -Oitl IT En fi.iflt_ E- S ::c C 
TJ; :r: = 65:, eo . nno r:;zp CO i!ST =0 . 1f..,326f: -'> 1~ 
= 1 J. . (, :~ z 
• ' I"\; 9;? 
; I . y !-I :T = 0 . 3 5~· 1 5 r: - () 1 
l ':;:' =-0 . 9 71561: - 07 
T T: . r: = 1 1 3 lt () 0 • 0 0 () E ;~ p c 0 I ~ s T ::: 0 • 1 7 1 6 7 r:: - () ~~ " r: I = - ll • ~13 n 6 3 E - 0 6 
TT I":: = l566(J0 . 0f)O F:;;:r co ;!ST=0 . 1n~ i; 1 ~ -~ t·. 1.; · =- n .:~5~66E-06 
--~~~~~~~~~~~--~~~~~~~~----~ TT' E=1~l260l) . l')f'\() r:;~p CIJ I· 1 ST=0 . 1 5Q3 <·f: - 'l t~ ·L:' :..~ <).:(90671:-0t) 
TTI .I: =?. I\2t~uo . nno EXP CO i iS T=O . l 6'~~ b F. -I'"l 1~ , r: • :=- 1') . ?299 7 E- 06 
1'·. '/Ef'.l', \.f:: i)[V lt\TIOII = 0 . 3!1J.8?.E- 06 
sr,·. I 'I 'M~n l.lE VI/\Tif11J = 0 . 2"~002E-f)G 
pr:: '.C!:I'T {)f:V I ATIOf ' 1\T <J5 COI! Flt)f.i'Ci: u:\1 1: ,_ = 
S'WC nr: RCL = . 03155 Cfli !C flF L·11! l - = • · "7$1 ' :· 
3J) SU l P F = 0 . 11360F. - 01tU r: :U il(11_E- S!.;C C ·i': 1'-'I'T = 0 . 17 '~?.2!: -01 
TI ' ,f: =l1l(, 00 . 0()0 EXP CO I'S T=O .ll'~ 77 f:-')'· t l~· =- O. J.J.f,63E - 06 
--~T~T~i·~E-==~l~~~3~7~2~C~)·~o~n~n--~~~X~P~C~,O~i~IS~T~==-O~·~l~J.~5~3~'~~~~-~0-'~~ --' ~ 1 =-0 . 17~571::-06 
TI I: t:=1<JOilOO . OOO f:XP CLHIS T=O. l111·2Sf-:-()t, I f:' =-n.r,50f!3E - 07 
'\ '.'l;r.A.(;f: DI:V I /\ TIO.! = O. llr.7f, r: - or, 
;>-= :~ CF. I' T Dl:'.II/\TIOI ! !H 95 Cfl i: Fin~ ; 1 c;: ,_,:v r:L = J . ~'';() 
cr, : ·c nF r-CL = . 03136 co~·c n,: t)llll - = . ' f)·nv . 
.je SUlPf: = O . l2'~63E -04LITEn./ilPLE- SF.C C lf•': Tt ;IT = 0.31':·/.'t·E - 01 
,. r;:r: - (, z?. t o. ooo E;:p c o , ~s r-o . rz 7 ~'9r: - n7~ "'F --o. 33569E o6 
TX ~:F. =109000 . 0f)O F.XP CO t·!S T=0.12579E - 0':· 'H:· =- O. ll597E- 06 
T ii i f: =J.5 3000 . 000 EXP C0t'S T=O .l 3202r:-0 1~ ' lE ' ' =-0 . 73nl2E-06 
TI I:t =191520.000 EXP CCWS T=0 . 1233::..F.-O't 1)E' = O. l3085E-06 
Tl i !E=/.52000 . 000 EXP COIIS T=0 . 1260, t: -O '~ ' f:'' =- O. l4130E- 06 
," '.'EHf..GE DEV!f\T I O:! = 0 . 29239!: - 06 
ST/\i![)/\HO UtV Ifo. TI OI!- O. U1 8 15E-•Jt> 
rr:r.CF.i!T DI::VIATIOI I t·.T 95 Cflr'FltlF.'·ICf: V:'lt:l_ = ;.; . (ll<J 
U1i~ C flF RCL ::: . 06137 COI·1C OF i;ll 't- = • q~··6 " 
.f.JJ SLrJPF. = 0 .1006 lF.-OtrLITER/I •C1 LE SEC !' •t;•· r i . ''! l = 0 . 696 75 1: Ol 
T l li E== 52920 . 000 EXP COI'-JS T=0 . 1l't17F.-04 ·l f. ' =-0 .. 13566E- 05 
T r::r: = 100800 . ()IJO E >: P CO i'tS T=O . 11007E- 0't· 'll:" =-0 . 9'r5 98E - 06 
T ll l f:-lt~32UO . OOO EXP toHS T-0 .1 0595[~ oz~ t) E'' =- o . S3403E - 06 
TJI 1F.==185't00 . 000 EXP C0 fJST=O . l007~ ~-0t~ 'lf: " =- 0 . 14225E- 07 
Ti il l:=?.7oooo . onn r:xr co nS T==O .l 0'~39r:-0~· l)f-'' =-0.37B05E-06 
AVE R A~E DEV I AT I ON - 0 . 64577E 06 
STM'OARO DEV I ATir:H-1 = 0 . 39771E- 06 
46 
•>·;r•.c:r:·•r 11 ~: \II f· T~I' ; ' •'. T ~ll:i CI11'FJn ;:;;··:;: r. :;,, I_ - 7 4 nor~ 
4/{ ; 1 • • C 11 F :' r: L = . • n r- ' l7 ? c ., 1 'c r t= 1 ,, •- :: _. ~·~~· ·--:-• ~-'--:-' s=-· ----:-:--=~:--::-:"'":"'"~-:-
sr_nrr: = 0 . 101)031: -nt:·li T ER/fiPLJ.::- Si:t~ r:• •.s·l i•· T=. 0 . 7% 1: 3~>1 : -''1 
Tl !· l:= :ili\Lt(J . f)()() EXP CIJriST= O . ll5l'f l: -'"~ r· ···.l= - fl . l.0132E - n;, 
T T ! .r: = Y <J n I t 1J • 0 0 O r: X P C n I ! S T = 0 • lH• ~ \ M: - nt: t • • '' =- n • 1.1 ') 2 3 r: - n ~ 
TT.::I: =Jli·?.%UO . nnn rXP Clli'·IST=O . lOH/)IJE- fl'• I' :V=- II . :·b6~ 41:::-06 
1\" t: R 1\ r, ~~ IJ E y I AT! Ill' = () • ~ 40 6q 1: -n r, 
STJ\ilf.I!\IW llEVI1\Tlfll ; = 0 . 6Lt311E- 06 
Pf:I~CJ:IIT ()f':VIAT I OII J\ T ~5 Cflii!F I OENGE LI ·V: L = 12 . 246 
47 
THlf.>ER/·. TU I{L I ~ ; 40 . 7 C 
coN c oF 11 c L - ·-.-:1~0::--:2::--:_ o::--:3=-=--~c::::-(:':":JN:-:-c=--(::::-:J F=--~-, :-:-:::-uo -----. -=o-=9-=a-=a-=o-------
f.A SLO PE = v . 3t .207E - 04LI T ER/I·iULE- SEC COI~STAIH= 0 . 366 1<.Jt: - (t1 
T!i-1'1:= ?. 9ilL >. t.O O EXP CONST=O . 3317'~E-0 't I)EV= 0 . 30330I: - CJ5 
T Hi E = 1 0 c.J 0 L d • It 0 0 E X P C 0 i'! S T = 0 • 3 8 3 9 1 E-0 Lt I) E V =- 0 • 2 1 H 't 5 E - 0 5 
T I h E = l't 7 6t 11 l • tlO 0 E X P C 0 N S T = 0 • 3 7 0 9 't E- 0 4 I) E V =- 0 • H n 6 H A f7 - 0 6 
T! iii: = J.<J62i •.J . •t00 EXP CUNST=0 . 3 5't21E-0 '~ DEV= 0 .7 fl:596 t: - on 
T Hi E = ? '' 0 t3 '1 ; J • t t 0 0 t: X P C 0 I '<IS T = 0 • 3 6 4 5 1 E- 0 't D E V =- 0 • 2 '• 3 '.i 0 f: - 0 6 
AVERA(;£: Ui V I ·.T! Uil = 0 . 14268E - 05 
ST/\ i'JD:\i;D [.t:v r t\ T !t'til = 0 . 878491: - 06 
PERCEI 1T 01 VL 1TI O;J t\T 95 Uli'!F i l)EHCt L EVEL = 4 . t1 53 
CONC OF RCL = • 10198 COI!C o:.: bUD- = • 09e80 
f6 SLUPE = c . 3 ~ ·0 29E -04LITER/HULE-S EC COHSTAHT= O. l 3 167c - n1 
THlF. = 29U D. •i 00 EX P CONST-0 . 35 ~3.:.E-04 OtV= 0 . 296401:-06 
TI I~E = 644'.U . oOO EXP CONST=0 . 333'tuE- 0't DEV= 0 . 24H91E - 05 
THa: =l062t iJ • .,OO EXP CONS T=0 . 3 7'tO::SE- 0't DEV =- 0 . 15743E- 05 
THIE=l476( O. lOO EXP CU NST= 0 . 3 771 5E- 0't 11EV --O . l B863 E -O~ 
Ti f.lE = l9SLu . ,O Q EXP CO NST=0 . 347Lt'1E - 04 DtV= O. lO:IOU: - 05 
AVERAGE Dt VI \TI Of.l = O. l465 2E- 05 \ 
STAND MW I I:VU\TION = 0 . 82 11 8E- 06 
PE RCEI'IT Ui V I '< TlUN AT 95 COI,JF IDENCE L EVEL = 4. 5B4 
48 
T H\ P. E R 1\ Tll R ~ · S 50 • 3 C 
c.o N c oF n c L = .-=---.-;rr?ori-o;.-?9~6~----,c--~a"'""r'Tl~c....--,o~F~L!"'"'urTo,.,.--~--. ,...o,...9"~"~"8"~"~" ""o-------
6's L OPE = 0 . ; 77 )17 E - 04LI T ER /f~OL E- S EC CONSTANT= - 0 . 165 20i.: - O l 
Tlf.IIE = 3?.0't0.000 EXP CO!,JST=0 . 8Lt437E -0 t~ Dt:V= 0 . 33493E - 05 
TIME - 73440.00 1) EXP CONST=O . SH44SE- 04 DEV --0 . ~580AE-06 
TIHE = 91\640.00 0 EXP CONST=0 . 88l50E- 04 OEV =- 0 . 36370E-06 
TIME = ll~S ~O.OOO EXP CONST=0 . 8Rl56E-04 DEV=- 0 . 36972E- 06 
TH-'tE = l63H lJ0uOOO EXP COI\IST=0 . 8715::SE- 04 DEV- 0 . 633051:: - 06 
AVERAGE DEV1AT!UH = O. l0748E- 05 
STANOAR!l [Jf:\ I A'd()l! = 0 . 78487E- 06 
PERCEin Ul: V ' IH!f1i'l J.\T 95 COiiJF IOEI'-~CI: LEVEL- 1.7 H8 
~ONC OF RCL :: . 10252 CD I ·~ C OF I:>UO- = . 09H80 
SLOPE = u • .. 76 ·:·7E - 04LITER/l·;OLE- SEC Cfli!STA iH= 0 . 7 H66"/t - Ol 
TI I·IE= 295 LO .OO n EXP CO NST-0 . 913YuE-04 OEV - - 0 . 37430E-05 
T ir,\E= 7tl'J£: 0.001l EXP COI~ST=0 . 9 1 147E -04 DEV=-0 . 34999E-05 
TH.IIE= l 60 9~0.00() EXP CONST=0 . 8388HE - 0 4 DEV= 0 . 375H7E-05 
TINE=20124 0.00ll EXP CONS T=0 . 90434E- 04 DEV=- 0 . 27868E - 05 
AVERAGE OEV JA T ION = 0 . 34471E - 05 
STANDARD G~ \ IATION = 0 . 20032E- 05 
PERC ENT OI:Vl AT l UN AT 95 COi-.JFIOEHCt:: LEVE L = '~ . 571 
CONC OF RC L ~ .10085 CONC OF oUO- = . 09080 
~e SLOPE = O. t. 52i ' HE -04LITER/HOLE- St:C COHSTAin" = 0 . 21?.271:+00 
THi E= 2t5ti v0. 0 0 tl EXP CONST-0 . 94744E - 04 DEV - 0 . 54t~llt -06 
TIME = 70200 . 001> EXP CON ST =0 . 98033E-04 DEV=- 0 . 27444E - 05 
TINE = 95760.00 Cl EXP CONST=O . l0037E-03 OEV=- 0 . 50835!: - 05 
THi E=ll 6640 . 00 C' EXP CONST=0 . 9Y869E-04 OEV =-0 . '~5H07C:-05 
TH1E = l60200 . 00ll EXP CONST=0 . 94435E- 04 DEV = 0 . 85 3351: - 06 
AVERAGE D~VlATION = 0 . 27 612E-05 
S T .f\;',JDARil [l E\ I 1\ ·n Oi·l - 0 . 1 66'~1 !: - 0 5 
PERCENT LJI:Vl:\T ··· o,,J AT 95 CUr~F IOE I,!C£: LEVEL = 3 . 493 
49 
TEMPERATURE IS 59 . 7 C 
CONC OF RC L = . 10040 CONC OF ~UO- = . 09880 
7A SLOPE = O. l8 3 40E-03LITER/t40LE- SEC CONS TA NT= - 0 . 640701:: - 0l 
THi E= 1656< , 000 EXP CONST=O .l8043E- 03 OEV = 0 . 2961t2E - 05 
TI I,lE= 2700C. . 000 EXP CO I~ST=O . l8048E-03 DEV= 0 . 29221E-05 
THlE= 7920( ! , 000 EXP CONS T=O . l8104E-03 OEV= 0 . 235f39t.: - 05 
THiE= 9064< . 0!10 EXP CONST=O . l 8604E- 03 OEV=- 0 . 34427t-05 
Tl f-1 E=l130'd . OtJO EXP CONST=O . l7996E-03 Ut:V= 0 . 31tlt05l: - 05 
TH1E= 154UO< · . Oil0 EXP. CONS T=0 . 10327E-03 DEV= 0 . 131 031: - 06 
AVERAGE [IE\ IA.iiOI\I = 0 ~ 25432E-0 5 
STANOA:W U l V l t\ TIOI'l = O.l2463 E- 05 
PERC E!'lT UE \' I AT I ON AT 95 cu;,JF I OEf.JCE LEVEL = 1.359 
CONC OF RCL = , 10129 CONC OF GUU- = . 09HHO 
78SLOPE = 0. 19206E - 03LITER/i·10LE- SEC CDhSTA!·JT= - 0 . 27<.J20t - !J0 
T I foil E = 2 6 2 U u • 0 0 0 EX P C 0 ~ J S T = 0 • l 7 0 3 ~ E- 0 3 I) E V = 0 • 1 3 7 4 1 E - 0 1t 
TINE= 5400· •. 0•)0 EXP COHST=O. l7256E-03 DEV= 0 . 19Lt97t-I'J1+ 
TIHE= 506H oi , QOO EXP COi'·lST=O.l9 2 36E - 03 ucV =- 0 . 2979:.51: - 0f) 
Tll"E= 7 81t B·l , OOO EXP CONST= 0 . 20 1 't~E-03 OEV=- 0 . 93~>91E -n~; 
T Hl E = 9 0 2 U 1 • 0 0 0 E >: P C 0 f' l S T = 0 • 1 9 0 4 0 E-0 3 D E V = 0 • l 5 f\1 U:-n "l 
TH·1 E=ll 26 0 >. 000 EXP CONS T= O. l 8't45E - 03 DEV= 0 . 76l3'tl: - o:> 
AVERAGE DE ' I ATION = 0 . 86815E- 05 
STA!'lOJ\RD l.J :viATi mJ = O. tt8890E - 05 
PERCE~:T t)l:. ! I / TIOr'l AT 95 COI·IFIOEI·!Cc LEVEL = 5 . 091 
5 0 
TF''PE~ /\TU :~ E IS 69 . f~ C 
JA Cr J· 'C OF RC L = . 10017 COi!C l1F '-'l!ll- = • )<:.·H: O 
SLOPE = 0 . '~0685E -03LITEK/ iiOL E-SEC C(l i ~T id'H= 0 . 39645E+O 
TI! :E= 17532 . 000 EXP COHST=0 . 40222E- 03 D{ .t : 0 . '~6277E -05 
Tii iE = 26100 . 000 EXP CU:!S T=0 . 4314UE-0 3 Ill 1 =- 0 . 2.'~5.491: -04 
TT :iE = 3556 1'3 . 000 EXP CtH·!ST=0.41731F.-03 D1 ··.'=-0 . 10464E-0'~ 
T!; 't: = 't06t;O . OOO EXP Cuf.IST=0 . 4'~0 56 e- 03 01 ' =-0 . 33712E-0'~ 
T I :• E= 51300 . 000 E;~p COi·IST=0 . '~0059E -03 Oi· '·/= 0 . 62547E - 05 
J'. \f E n AGE [) E V U\ T J ("l i I = 0 • 1 59 2 1 E- 0 't 
STAI·111AP.D OEV!ATIOH = 0 . 97703E-05 
PF.HCF. f·! T DEVIATION 1\T 95 COI·! FIDEHCl: LEVE t_ ::- l; . 803 
1~COi ! C OF RC L = . 10003 COI-!C Or b UO- = . n<?8RO 
SLOPE = 0 . 4332 1E- 03LITER/MOLE- SEC SOi STANT= - 0 . 25094E-C 
Tii·i E= 1666B . OOO EXP COI>JST=0 . 406 U7E- 03 i), V= 0 . 26338E- 04 
TIHE= 25200 . 000 EXP CONST=0 . 41574E-03 DI V = 0 . 17475E-04 
TiliE= 34920 . 000 EXP CONST=0 . 44633E-03 Q j V=-0 . 13115E- 04 
TI NE = 50832 . 000 EXP CU NST=0 . 42176E - 03 D V= 0 . 11457E- 04 
AVERAGE DEVIAT I ON = O.l7096E- 04 
STANDARD DEV I AT I ON = O.l0418E- 04 
PERCENT DEVIAT I ON AT 95 CONFIDEHCE LI:Vl:L : : 't . 809 
STOP END OF PROGRAN AT STATEI·IENT 0006 + 0. LII!ES . 
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